Considering the real-time requirement of the target recognition task, a kind of micromotion feature extraction method in low pulse repetition frequency(PRF) with multi-beam is proposed. Firstly, the transmitting waveform is designed and the multi-target observation is achieved. And then, considering the performance of target tracking, the time series of transmitting pulses is designed in low PRF. At last, the OMP algorithm is used and the micromotion feature of targets in different directions is extracted successfully by directly using the narrowband tracking pulses, which has improved the working efficiency of the radar and the real-time ability of the target recognition task. The simulation has proved the performance of the algorithm in low SNR circumstance.
Introduction
Recently, micromotion feature extraction has become a hot research area [1] [2] [3] . However, to accomplish the micromotion feature extraction by using existing algorithms, radar needs to transmit signal pulses specially and can only deal with the targets in one direction at one time, which will cause large resource consumption and poor real-time performance.
Through optimizing the transmitting waveform, MIMO radar can transmit the signals that possess the required beam pattern to achieve the simultaneous observation and tracking of the targets in different directions [4] [5] [6] . In general, MIMO radar transmits narrow-band signals for target tracking, and the pulse repetition period of the tracking pulses is long. If we directly use time-frequency analysis technique to extract the micromotion feature of the targets based on the tracking pulses, the frequency aliasing will happen. Therefore, it is essential to study on the micromotion feature extraction method in low PRF.
In the paper, a kind of micromotion feature extraction method in low PRF is proposed. The transmitting waveform is designed and the multi-target observation is achieved. And considering the performance of target tracking, the time series of transmitting pulses is designed. At last, by directly using the narrowband tracking pulses the micromotion feature of targets in different directions is extracted successfully.
MIMO Radar Waveform Design
Suppose the MIMO radar emitter array is consisted of M linearly spaced isotropic array elements and the inter-element spacing is d . The transmitting signal synthesized at the angle θ can be denoted as 
where ( ) m x t denotes the baseband signal transmitted by the m th element, c f denotes the carrier frequency, p T denotes the pulse width, c denotes the light speed. In practical application, discrete baseband signal is considered, that is x x x denotes the discrete baseband signal transmitted by the whole array. So the power of the transmitting signal synthesized at the angle θ can be denoted as
reflects the power distribution of the transmitting signal in the airspace. Therefore, we can design R to obtain the required beam pattern [7] [8] .
Micromotion Feature Extraction in Low PRF

The Analysis of the Targets' Echoes
The paper takes the spinning target for example to analyze the narrow-band radar echoes. After the movement of time τ , the i th scatterer i E turns to i E′ at the angular speed of ω . The rotating vector of the target is
. The vector in the local coordinate ( , , )
x y z can be converted to the vector in the reference coordinate ( , , ) X Y Z through multiplying by the Euler rotation matrix init R , that is
And the rotation can be described by a rotating matrix rotating R in the reference coordinate, that is
Suppose the number of scatterers of the target at the angle h θ is J , so the echoes from the target can be denoted as 
where êxp( )
The Micromotion Feature Extraction Method Based on OMP
According to Eq. (4), we can know that the echoes from each scatterer is determined by the parameters 0 , ω r , so we create the atoms in atom set D by setting the different value of T ( , , ) , ω r can also be extracted. Suppose there are spinning targets in 30 − and 0 respectively, the parameters are shown in Table 1 , in which the coordinates of reference point take the radar for the origin and the coordinates of scatterers take the reference point for the origin. π π π (0,0,0),(1,1,0),( 1, 1,0) − − 0 (0,40,0) (0,0, ) π (2,0,0),( 2,0,0),(0, 2,0),(0,2,0) − −
Simulation and Analysis
The designed and desired transmitting beam pattern is shown in Fig. 3 . From the figure, we can see that the beams are formed in target directions and approximate to the desired beam pattern. Based on this designed waveform, the simultaneous observation on the targets in 30 − and 0 is achieved.
In the circumstance of no noise, the time-frequency distribution of the reconstructed signal by using the method proposed in the paper is shown in Fig. 4(a) and Fig. 5(a) . We can see that micromotion features of the spinning targets in 30 − and 0 are successfully extracted, which proves the availability of the method proposed in the paper. In the circumstance of 10dB SNR = − , the time-frequency distribution of the reconstructed signal by using the method proposed in the paper is shown in Fig. 4(b) and Fig. 5(b) . We can see that micromotion features of the spinning targets in 30 − and 0 are still successfully extracted in low SNR circumstance, which proves the good robustness of the algorithm. 
Conclusion
A kind of method which can improve the real-time performance of the target recognition task and the working efficiency of the radar is proposed in the paper. The transmitting waveform is designed and the multi-target observation is achieved. And then, the time series of transmitting pulses is designed in low PRF and by using the OMP algorithm the micromotion features of targets in different directions is extracted successfully. The simulation has proved the performance of the algorithm in low SNR circumstance.
